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WR5HVRXUFH
'HVFULSWLRQ)UDPHZRUN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FRPPLWVWR'%06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QRWNQRZLQJWKHZKROHNH\ZRUGV$LGDQ+RJDQ¶VUHVHDUFKLQWURGXFHVDXVHFDVHIURP($'6LQYROYLQJPDWFKLQJ
ZLWQHVV REVHUYDWLRQV DJDLQVW VWUXFWXUHG HQWLW\ GHVFULSWLRQV EXW IXUWKHU SURSRVDOV WRZDUGV ³FRRSHUDWLYH 63$54/
HQJLQHV´ZKLFKLQWHOOLJHQWO\DLGXVHUVDUHQRWLPSOHPHQWHG.XPDU¶VUHVHDUFKLQWURGXFHVDIUDPHZRUNZLWKIX]]\
ORJLFZKLFKUHWULHYHVWKHGDWDPXOWLGLPHQVLRQDOO\UDQNHGE\7),')EXWWKH\KDYHQRWGRQHWKHZRUNRIUHWULHYLQJ
WKHLQIRUPDWLRQLQWKHPLQLPDOWLPHFRPSDUHGWRWKHFXUUHQWDOJRULWKPV+XDQJ¶VUHVHDUFKSURSRVHVDVODFNTXHU\
PHWKRGEDVHGRQ5')GDWDEDVHEXW WKHUH LVQR IXUWKHUZRUNDERXWPXOWLSOHTXHU\RSWLPL]DWLRQRQDVHTXHQFHRI
UHOD[HGTXHULHVE\UHXVLQJ WKH LQWHUPHGLDWHDQVZHUVRIVHOHFWLRQRU MRLQRSHUDWLRQV <XDQ¶VUHVHDUFKSUHVHQWVD
G\QDPLFDQGIDVWTXHU\SURFHVVLQJDSSURDFKEXWGLGQ¶WGHYHORSDGLVWULEXWHG63$54/TXHU\SURFHVVLQJV\VWHP
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ILUVWVHDUFKDOJRULWKPLQWKHEDFNJURXQGRIZKLFKFDQHIILFLHQWO\JHQHUDWHTXHULHVDQGYHULILHGE\H[SHULPHQW7KH
SURJUDPKDVDVLPSOHRSHUDWLRQORZFRPSOH[LW\DFFXUDF\DGYDQWDJHVZKLFKFDQHIIHFWLYHO\LPSURYHWKHXVHU
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HIIHFWLYHQHVV
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UHODWHGDOJRULWKPZKLFKZRUNVRQYHUWLFHVDQGHGJHVRQO\7KHDEVWUDFWHGHOHPHQWVRIJUDSKFDQEHPDSSHG LQWR
5')63$54/ ODQJXDJH RU UHODWLRQDO GDWDEDVH GRPDLQ LQWR YDULRXV FRQFUHWH FRQVWUXFWV 2QH NLQGV RI PDSSLQJ
HPSOR\HGLQ14/LVLOOXVWUDWHGLQ)LJ
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
)LJ$PDSSLQJEHWZHHQ5'%5')63$54/DQG*UDSKWKHRU\HOHPHQWVLQ14/
2.1. Problem Definition 
6RWKHSUREOHPZKLFK14/VHUYLFH LQWHQGV WRVROYHFDQEHGHILQHGDVJLYHQFROXPQYDOXHSDLUV IRUDVNQRZQ
FRQGLWLRQDQGDFROXPQOLVWWRILQGRXWUHTXHVWHGFROXPQV¶YDOXHDFFRUGLQJWRFROXPQVUHODWLRQVKLS$QGWKHSUREOHP
FDQEHDEVWUDFWHGLQWRJUDSKWKHRU\WHUPVDVLQ'HILQLWLRQ
'HILQLWLRQ*LYHQDQRQHPSW\JUDSKܩ ൌ ሺܸǡ ܧሻDWDUJHWYHUWLFHVVHWܶ ك ܸȁܶȁ ൒ ʹWRILQGDOOWUHHVܩ௜ ൌ ሺ ௜ܸǡ ܧ௜ሻ݅ ൌ
Ͳǡͳǡʹǡǥ ǡ ݇VXFKWKDWܶ ك ௜ܸ ك ܸܧ௜ ك ܧ
2.2. PBFS Pseudocode 
7KHPDMRUSURFHVVRI3%)6LVWKHSURFHGXUHRI3%)6DVOLVWHGEHORZZKRVHUHFXUVLRQSDUWLVOLVWHGVHSDUDWHO\DIWHU
&RPSOH[LW\$QDO\VLV
+HUHZHJLYHDQDQDO\VLVRI WLPHFRPSOH[LW\RI3%)6RQDQLQSXWJUDSKܩ ൌ ሺܸǡ ܧሻIRU WDUJHWYHUWLFHV்ܸ ك ܸ
7KHUHDUHWZRPDMRUGLIIHUHQFHVRI3%)6WRRUGLQDU\%)6DOJRULWKPWKHILUVWLVIRUHDFKXQYLVLWHGDGMDFHQWOLVWܣ݆݀ሺݒሻ
RIVRPHYHUWH[ݒ3%)6WULHVHYHU\SRVVLEOHYLVLWLQJVHTXHQFHVRIܣ݆݀ሺݒሻZKLOH%)6UDQGRPO\VFDQVRQO\RQFHRI
ܣ݆݀ሺݒሻWKHVHFRQGGLIIHUHQFHLVWKDW3%)6ZLOOVWDUWIURPHDFKWDUJHWݒ௦ א ்ܸ WU\LQJWRILQGDOORWKHUWDUJHWVLQ்ܸ െ
Z
ƉƌŝŵĂƌǇŬĞǇ
ĐŽůƵŵŶ
ƚĂďůĞ
ĨŽƌĞŝŐŶŬĞǇ
Z&ͬ^WZY>
ƌĚĨ͗ZĞƐŽƵƌĐĞ
ƉƌŽƉĞƌƚǇ
ƌĚĨƐ͗ůĂƐƐ
ŽďũĞĐƚƉƌŽƉĞƌƚǇ
'ƌĂƉŚ
ǀĞƌƚĞǆ
ĞĚŐĞ
ǀĞƌƚĞǆ
ĞĚŐĞ
Procedure: PBFS (ࢀ, ࡳ)
Input: target vertex set ܶ, graph ܩ
Output: Tree set ܧ
Initialize structures ܨ
FOR EACH ࢚ א ܶ DO
Create a triple ܵ௧ ൌ ሺܳǡ ܸǡ ܯሻ for t, Q is a queue of vertices to visit, V is a list of vertices visited, M is a to-from mapping between vertices; 
Queue each ݒ to ܳ, ݒ is a vertex adjacent to ݐ, ݒ ב ܸ;
Put (t, Null) pair to M; 
 Recursion (ܵ௧ ) RETURN Filter (F) 
Procedure: Recursion (S) 
Input: Triple ࡿ ൌ ሺࡽǡ ࢂǡࡹሻ of vertices queue  , visited vertex list ࢂ and to-from vertex mapping ࡹ
IF ࡿǤࡽ is non-empty
THEN
 Peek head element ࢗ of ࡿǤࡽ
 Get unvisited adjacent vertices of ࢗ, as ࢁࢗ
  Compute all permutations of ࢁࢗ, as ࡼࢋ࢘࢓ሺࢁࢗሻ
  FOR EACH ࡼ א ࡼࢋ࢘࢓ሺࢁࢗሻ DO 
  Create a clone of ࡿ, as ࡿࡼ  Queue ࡼ to ࡿ࢖Ǥ ࡽ
  Add ࡼ to ࡿࡼǤ ࢂ  FOR EACH  ࢖ א ࡼ DO
   Put ሺ࢖ǡ ࢗሻ to ࡿࡼǤࡹ
   IF ࡿࡼǤ ࢂ ل ࢀ   THEN  
 Add ࡿࡼǤࡹ to ࡲ, RETURN ELSE
 Remove  ࢗ from ࡿࡼǤ ࡽ
 Recursion(ࡿࡼ)ELSE
 RETURN; 
324   Jian He et al. /  Procedia Computer Science  100 ( 2016 )  321 – 328 
ݒ௦6LQFHGHJUHHRIHDFKYHUWH[ZLOODIIHFWWKHQXPEHURIVHTXHQFHVWRWU\3%)6WLPHFRPSOH[LW\WKXVQRWRQO\UHODWHV
WRȁܸȁܽ݊݀ȁܧȁǡEXWDOVRUHODWHVWRWKHJUDSKVWUXFWXUHDQGWKHWDUJHWVHWFDUGLQDOLW\
$VZHDOUHDG\NQRZ%)6WLPHFRPSOH[LW\LVܱሺܸ ൅ ܧሻVLQFHWKHVXPRIWKHOHQJWKVRIDOOWKHDGMDFHQF\OLVWLV
ȪሺܧሻWKHWRWDOWLPHVSHQWLQVFDQQLQJDGMDFHQF\OLVWLVȪሺܧሻDQGWKHRYHUKHDGIRULQLWLDOL]DWLRQLVȪሺܸሻ7KHEHVWFDVH
WLPHFRPSOH[LW\RI3%)6LVZKHQDOOYHUWLFHVKDYHGHJUHHVOHVVWKDQ7KHEHVWFDVHWLPHFRPSOH[LW\RI3%)6LVWKH
VDPHDV%)6HTXDWHVWRܱሺ்ܸ ܸ ൅ ்ܸ ܧሻ7KHZRUVWFDVHWLPHFRPSOH[LW\RI3%)6LVIRUWRWDOO\FRQQHFWHGJUDSKHDFK
YHUWH[KDVȁܸȁ െ ͳGHJUHHV)RUWKRVHJUDSKVWKHWLPHFRPSOH[LW\RI3%)6LVሺ்ܸ ൫ሺܸ െ ͳሻǨ ܧ ൅ ܸሻ൯ ൌ ܱሺܸǨ ܧ ൅ ܸଶሻ
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)RUWKHDYHUDJHFDVHWLPHFRPSOH[LW\RI3%)6OHW݀GHQRWHVWKHDYHUDJHGHJUHHRIYHUWLFHVDQG݈IRUDYHUDJH
EUHDGWKILUVWWUHHKHLJKWWKHQȁܧȁ ൌ ݀଴ ൅ ݀ଵ ൅ڮ൅ ݀௟ ൌ ௗ
೗ିௗ
ௗିଵ
ൎ ݀௟7KHEUHDGWKILUVWVHDUFKWUHHZLOOJURZ݈ െ ͳ
WLPHVIURPݒ௦HDFKWLPH3%)6ZLOOGR݀ǨSHUPXWDWLRQVRLQWRWDO݀Ǩ௟ିଵWLPHVRIRUGLQDU\%)6WLPHLVQHHGHGZKLFK
LVܱሺ݀Ǩ௟ ܧ்ܸ ൅ ்ܸܸ ሻ
LIG WKHQ2?OHIWNQ?ULJKW
LIG WKHQ2?OHIWNQ?FGRWOQA^Q`?ULJKW
)RUDOOG!G?OHIW?IUDF^G`^`?ULJKWA^G`WKHQ2?OHIWNGO?FGRW?IUDF^QA^G``^A^GO``?ULJKWIRUQ LW
QHHGVDWPRVWWLPHV
LIZHXVH6WLUOLQJ
VDSSUR[LPDWLRQ
LId=WKHQܱሺ݇݊ሻ
LId=WKHQܱሺʹ݇݊ ή  ݊ሻ
)RUDOO݀ ൐ ͸ǡ ݀Ǩ ൏ ቀௗ
ଶ
ቁ
ௗ
WKHQܱ ቀ݈݇݀ ή ௡
೏
ଶ೏೗
ቁIRUn LWQHHGVDWPRVWWLPHV
,IZHXVH6WLUOLQJ
VDSSUR[LPDWLRQǡ݀Ǩ ൎ ξʹߨ݀ ቀௗ
௘
ቁ
ௗ
Ǥ7LPHFRPSOH[LW\LVGHULYHGDVIROORZV˖
ܱ ቆ݇ ή ݈ ή ൬ξʹߨ݀ ή ቀௗ
௘
ቁ
ௗ
൰
௟
ή ݀ቇ=ܱ ൬݈݇݀ ή ൫ξʹߨ݀൯
௟
ή ቀௗ
௘
ቁ
ௗ௟
൰=ܱቆ݈݇݀ ή ൫ξʹߨ൯
௟
ή ξ݀௟ ή ቀௗ
೗
௘೗
ቁ
ௗ
ቇ
=ܱ ൬݇݀ሺ݈݋݃ௗ ݊ሻ ή ൫ξʹߨ൯
௟
ή ξ݊ ή ቀ
௡
௘೗
ቁ
ௗ
൰
1.1. CorrectnessofPBFS
)LUVWO\3%)6
VUHVXOWVKRXOGEHWKHULJKWWUHHFRYHULQJVSHFLILHGWDUJHW7KHRXWSXWRI3%)6LVDXQLRQRI%)6UHVXOW
VHWVHDFKRIWKHUHVXOWLQ3%)6
VUHVXOWVHWLVD%)6UHVXOWWKXVDOOWUHHVIRXQGE\3%)6LVDEUHDWKILUVWWUHHLVD
FRUUHFWDQVZHUDFFRUGLQJWR%)6WUHHSURSHUW\
7KHRWKHUVLGHRIFRUUHFWQHVVLVWKDW3%)6FDQILQGDOOWUHHVFRYHULQJWDUJHWVVSHF
,PSOHPHQWDWLRQDQGHYDOXDWLRQ
3.1. Context 
8VHUVFDQVXEPLWUHTXHVWZLWKRXWNQRZLQJWKHGHWDLORIWKHXQGHUO\LQJGDWDEDVHVFKHPDVWUXFWXUHDQGXVHUV

LQSXWKDVQRQHHGWREHDQ85,7KHLQIRUPDWLRQHPERGLHGLQXVHU
VLQSXWLVOHVVFOHDUDQGGHWDLOHGWKDQLQVFKHPD
GHILQLWLRQRUWULSOHVLQ14/
V5')EDVH,QRWKHUZRUGVWKHUHPD\EHH[LVWVPXOWLSOH63$54/TXHU\VWDWHPHQWIRU
RQHXVHU
VLQSXW7KHVDPSOHGDWDEDVHXVHGLQWKHXVHFDVHFDQEHGRZQORDGHGIURP'54
VZHEVLWH
3.2. Experimental with complete fuzzy input 
6XSSRVHDXVHUZDQWVWRNQRZVRPHUHVHDUFKHU
VSHUVRQDOUHVHDUFKWRSLFVDQGWKHWRSLFVUHODWHWRKLVKHU
SXEOLVKHGSDSHUWKHXVHUFDQVXEPLWDUHTXHVWDVVKRZQLQ)LJ1RWHWKDWUHOBSHUVRQBSDSHUDQGUHOBSHUVRQBWRSLF
DUHERWKDVVLJQHGLQWKLVUHTXHVWZKLFKFOHDUO\VWDWHVWKHUHODWLRQVKLSEHWZHHQSHUVRQSDSHUDQGWRSLFFROXPQV
325 Jian He et al. /  Procedia Computer Science  100 ( 2016 )  321 – 328 
)LJ$5HTXHVW'DWDWR14/RQSHUVRQ
VWRSLFDQGSHUVRQ
VSDSHUZLWKWRSLFV

)LJ$3UDFWLFDO'DWDEDVHDERXW6HPDQWLF:HE5HVHDUFKHUVDQG3XEOLFDWLRQVDQG8QLTXH&RYHU7UHH)RXQG
)LJ4XHU\5HVXOWRQSHUVRQ
VWRSLFDQGSHUVRQ
VSDSHUUHODWHGWRSLFV
<output>
<parameters>
<parameter name="TopicName" table="topics"><![CDATA[Knowledge Representation Languages]]></parameter>
<parameter name="lastName" table="persons"><![CDATA[Gil]]></parameter>
<parameter name="title" table="papers"><![CDATA[Trusting Information Sources One Citizen at a 
Time]]></parameter>
</parameters>
<parameters>
<parameter name="TopicName" table="topics"><![CDATA[Knowledge Systems]]></parameter>
<parameter name="lastName" table="persons"><![CDATA[Gil]]></parameter>
<parameter name="title" table="papers"><![CDATA[Trusting Information Sources One Citizen at a 
Time]]></parameter>
</parameters>
<parameters><parameter name="TopicName" table="topics"><![CDATA[Artificial Intelligence]]></parameter>
<parameter name="lastName" table="persons"><![CDATA[Gil]]></parameter>
<parameter name="title" table="papers"><![CDATA[Trusting Information Sources One Citizen at a 
Time]]></parameter>
</parameters>
</output>
<input>
    <parameters> 
      <parameter io="input" table="persons" 
name="firstName" >Yolanda</parameter> 
    </parameters> 
  </input> 
  <output> 
    <parameters> 
      <parameter io="output" table="persons" name="lastName" /> 
      <parameter io="output" table="" name="rel_person_paper" /> 
      <parameter io="output" table="" name="rel_person_topic" /> 
      <parameter io="output" name="title" table="papers" /> 
      <parameter io="output" table="topics" name="TopicName" /> 
    </parameters> 
  </output>
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7KHWUHHIRXQGLQWKHVFKHPDJUDSKFRYHULQJDOOWDUJHWVLQFOXGLQJSHUVRQVUHOBSHUVRQBSDSHUUHOBSHUVRQBWRSLF
SDSHUVWLWOHWRSLFV7RSLF1DPHDUHVKRZQLQUHGOLQHVLQ)LJ4XHU\UHVXOWLVVKRZQLQ)LJ
7KH64/FRXQWHUSDUWRITXHU\VWDWHPHQWDQGUHVXOWLVVKRZQLQ)LJDQG)LJ:HFDQVHHWKHTXHU\UHVXOWRI
14/LVWKHVDPHDVWKDWRI64/,WLVSURYHGWKDWWKHUHVXOWRIWKLVDOJRULWKPKDVWKHVDPHHIIHFWDVWKHH[DFWTXHU\

)LJ64/4XHU\6WDWHPHQW&RXQWHUSDUW

)LJ64/TXHU\UHVXOW
3.3. Experimental with incomplete fuzzy input 
,IXVHUGRQ
WH[SOLFLWO\UHTXLUHVWKHUHODWLRQVKLSEHWZHHQSHUVRQDQGWRSLFWKXVRQO\IRXUWDUJHWVGHVLJQDWHGE\XVHU
DV\HOORZXQGHUOLQHGLQ)LJ14/ZLOOILQGPXOWLSOHWUHHVFRYHULQJWKRVHIRXUWDUJHWVDVVKRZQLQUHGDQGJUHHQ
OLQHV )LJ  7KH PXOWLSOH WUHHV IRXQG E\ 14/ FDQ UHSUHVHQW GLIIHUHQW TXHU\ PHDQLQJV VR WKHUH LV QR ZD\ WR
DXWRPDWLFDOO\FKRRVHRQHIRUXVHU14/ZLOOUHWXUQWKRVHWUHHVWROHWXVHUGRWKHVHOHFWLRQ,IWKHXVHUKDVPDGHDFKRLFH
RULQSXWWKHRWKHUFRQGLWLRQV14/ZLOOVHDUFKIRUWKHGDWDEDVHWRJHWPRUHDFFXUDWHUHVXOWV
)LJ8VHU
V/HVV,QSXWRQ6FKHPDDQG0XOWLSOH7UHHVIRXQGE\14/
select persons.LastName, topics.TopicName, papers.Title 
from persons, papers, topics, rel_person_paper, rel_person_topic where
persons.FirstName='Yolanda' and
persons.PerID=rel_person_paper.PersonID and
rel_person_paper.PaperID=papers.PaperID and 
rel_person_topic.PersonID = persons.PerID and 
rel_person_topic.TopicID=topics.TopicID
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$VPHQWLRQHGEHIRUHRQHRI WKHPDLQGLIIHUHQFHVEHWZHHQ3%)6DQG%)6DOJRULWKPV LV WKDW3%)6 WULHVHYHU\
SRVVLEOHYLVLWLQJVHTXHQFHVRIܣ݆݀ሺݒሻZKLOH%)6UDQGRPO\VFDQVRQO\RQFHRIܣ݆݀ሺݒሻ7KHWUHHV3%)6UHWXUQHG
DUHVKRZQLQ)LJ
)LJ14/
V5HVSRQVHWR8VHUIRU)XUWKHU,QSXW
6XSSRVHWKLVWLPHXVHUZDQWVWRH[DFWO\NQRZWKHWRSLFVRIVRPHRQH
VSXEOLVKHGSDSHUVWKHQKHFDQFKRRVHWRLQSXW
WKHSDWKKROGLQJUHOBSDSHUBWRSLFB7RSLF,'UHOBSHUVRQBSDSHUWKHLQSXWLVDVVKRZQLQ)LJDQGWKHUHXOWLVVKRZQ
LQ)LJ
)LJ$4XHU\5HTXHVWWR14/RQVRPHRQH
VSXEOLVKHGSDSHU
VWRSLFV

)LJ14/4XHU\5HVXOWRQVRPHRQH
VSXEOLVKHGSDSHU
VWRSLFV
7KH64/FRXQWHUSDUWRIWKLVTXHU\DQGLWVUHVXOWDUHVKRZQLQ)LJDQG)LJ:HFDQVHHWKHTXHU\UHVXOWRI
14/LVWKHVDPHDVWKDWRI64/,WLVSURYHGWKDWWKHUHVXOWRIWKLVDOJRULWKPKDVWKHVDPHHIIHFWDVWKHH[DFWTXHU\

)LJ64/4XHU\&RXQWHUSDUW
<output>
<parameters>
<parameter name="TopicName" table="topics"><![CDATA[Semantic Web]]></parameter> 
<parameter name="lastName" table="persons"><![CDATA[Gil]]></parameter> 
<parameter name="title" table="papers"><![CDATA[Trusting Information Sources One Citizen at 
a Time]]></parameter> 
</parameters>
<parameters>
<parameter name="TopicName" table="topics"><![CDATA[Knowledge Management]]></parameter> 
<parameter name="lastName" table="persons"><![CDATA[Gil]]></parameter> 
<parameter name="title" table="papers"><![CDATA[Trusting Information Sources One Citizen at 
a Time]]></parameter> 
</parameters>
select persons.LastName, topics.TopicName, papers.Title 
from persons, papers, topics, rel_person_paper, rel_paper_topic
where
persons.FirstName='Yolanda' and
persons.PerID=rel_person_paper.PersonID and
rel_person_paper.PaperID=papers.PaperID and 
rel_paper_topic.PaperID = papers.PaperID and 
rel_paper_topic.TopicID=topics.TopicID
<input>
    <parameters> 
      <parameter io="input" table="persons" name="firstName>Yolanda</parameter> 
    </parameters> 
  </input> 
  <output> 
    <parameters> 
      <parameter io="output" table="persons" name="lastName" /> 
      <parameter io="output" table="" name="rel_person_paper" /> 
      <parameter io="output" name="title" table="papers" /> 
      <parameter io="output" table="topics" name="TopicName" /> 
      <parameter io="output" table="" name="rel_paper_topic_PaperID" /> 
     <parameter io="output" table="" name="rel_paper_topic_TopicID" /> 
    </parameters> 
  </output>
<output/>
<status>
<code>0002</code>
<text>class cbob.noql.exceptions.MultiPathException
[[rel_person_paper, rel_person_topic], 
[rel_paper_topic_PaperID, rel_paper_topic_TopicID, rel_person_paper]
]</text>
<source>
<code/>
<text/>
</source>
</status>
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
)LJ64/4XHU\5HVXOW
&RQFOXVLRQV
7KLVSDSHUSUHVHQWVDPHWKRGRI5')IX]]\TXHU\EDVHGRQQRTXHU\ODQJXDJHVHUYLFHZLWKSHUPXWDWHGEUHDGWK
ILUVWVHDUFKDOJRULWKP,QWKLVSURJUDPXVHUVRQO\QHHGWRPDVWHUDVLPSOH14/ODQJXDJHMXVWHQWHUWKHIUDJPHQWHG
YRFDEXODU\LQWHUQDOV\VWHPVLQWHJUDWLRQ3%)6DOJRULWKPDXWRPDWLFDOO\JHQHUDWHV63$54/VWDWHPHQWVDQGWKHQ
VHDUFKWKHGDWDEDVHE\WKH63$54/VWDWHPHQWV([SHULPHQWDOUHVXOWVVKRZWKDWWKHV\VWHPRIVHDUFKUHVXOWVDQG
DFFXUDWHUHVXOWVZLWKOLWWOHGLIIHUHQFH$WWKHVDPHWLPHWKHV\VWHPKDVORZFRPSOH[LW\VLPSOHRSHUDWLRQDQGRWKHU
FKDUDFWHULVWLFVZKLFKFDQHIIHFWLYHO\LPSURYHWKHHIILFLHQF\RIRUGLQDU\XVHUVHDUFK
)XWXUHZRUNZLOOH[WHQGWKLVDSSURDFKWRVXSSRUWH[HFXWLQJTXHU\VLPXOWDQHRXVO\RQPXOWLSOHGDWDEDVHVDQGWR
WHVWWKHDSSOLFDWLRQWRRWKHUGDWDEDVHVDSDUWIURP'%RI,112'%DQG0\64/'%065HVHDUFKLVDOVRQHHGHGWR
UHGXFHXVHULQWHUDFWLRQVZKHQGXSOLFDWHFROXPQQDPHVH[LVWLQ'%VFKHPDRUPXOWLSOHSDWKVH[LVWFRYHUWKHVDPH
LQSXWRXWSXWWDEOHV
5HIHUHQFHV
 :&-DQXDU\63$54/4XHU\/DQJXDJHIRU5')5HWULHYHG-XQHIURPKWWSZZZZRUJKWWSZZZZRUJ75UGI
VSDUTOTXHU\
 0DQROD)0LOOHU(0F%ULGH%5')SULPHU>-@
 &\JDQLDN5'54$FFHVVLQJ5HODWLRQDO'DWDEDVHVDV9LUWXDO5')*UDSKV>-@85/KWWSGUTRUJGUVHUYHUYLVLWHGRQ
 6HDERUQH$1RYHPEHU:KDWLV-HQD"5HWULHYHG-XQHIURPKWWSMHQDDSDFKHRUJLQGH[KWPO
 =YLHGULV0%DU]GLQV*9L]L4XHU$7RROWR([SORUHDQG4XHU\63$54/(QGSRLQWV>&@7KH6HPDQLF:HE5HVHDUFKDQG$SSOLFDWLRQV
WK([WHQGHG6HPDQWLF:HE&RQIHUHQFH(6:&+HUDNOLRQ&UHWH*UHHFH0D\-XQH3URFHHGLQJV3DUW,,
 :DQJ+5$SSURDFKIRU4XHU\LQJ5')ZLWK)X]]\&RQGLWLRQVDQG8VHU3UHIHUHQFHV>-@&RPSXWHU6FLHQFH
 .DYLOD6'5DYYD5%DQGDUX5)X]]\W\SH±DKHDGNH\ZRUGVHDUFKLQ5')GDWD>&@3URFHHGLQJVRIWKH,QWHUQDWLRQDO&RQIHUHQFHRQ)URQWLHUV
RI,QWHOOLJHQW&RPSXWLQJ7KHRU\DQG$SSOLFDWLRQV),&7$6SULQJHU,QWHUQDWLRQDO3XEOLVKLQJ
 +RJDQ$0HOORWWH03RZHOO*HWDO7RZDUGVIX]]\TXHU\UHOD[DWLRQIRU5')>0@7KH6HPDQWLF:HE5HVHDUFKDQG$SSOLFDWLRQV6SULQJHU
%HUOLQ+HLGHOEHUJ
 .XPDU%6%KDUJDYD'3RRQLD5&)X]]\NH\ZRUGVHDUFKDQGUDQNLQJIUDPHZRUNRI'56EDVHGILOHLQIRUPDWLRQPDQDJHPHQWV\VWHPXVLQJ
7)5') UDQNLQJ VWUDWHJ\>&@3URFHHGLQJV RI WKH  ,QWHUQDWLRQDO &RQIHUHQFH RQ ,QIRUPDWLRQ DQG &RPPXQLFDWLRQ 7HFKQRORJ\ IRU
&RPSHWLWLYH6WUDWHJLHV$&0
+XDQJ+/LX&=KRX;$SSUR[LPDWLQJTXHU\DQVZHULQJRQ5')GDWDEDVHV>-@:RUOG:LGH:HELQWHUQHW	:HE,QIRUPDWLRQ6\VWHPV

<XDQ3;LH&-LQ+HWDO'\QDPLFDQGIDVWSURFHVVLQJRITXHULHVRQODUJHVFDOH5')GDWD>-@.QRZOHGJH	,QIRUPDWLRQ6\VWHPV

+FRUPHQ7(OHLVHUVRQ&/ULYHVW5HWDO,QWURGXFWLRQWR$OJRULWKPV7KLUG(GLWLRQ>-@&RPSXWHU(GXFDWLRQ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